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Abstract. The necessity of using in the drilling rigs the automated intellectual system with short-duration nature of
feedback providing quick, timely system response for the properties changes to the object of influence and adjusted
parameters of the technical systems “Drilling rig — rolling cutter bit - rock” operating in the optimal ratio
maintenance was proved. The implementation by the intelligent system of the mentioned problems will allow us to
reduce drilling costs and to improve the effectiveness of the specified technical system operating. The advantages of
this system over its analogues are pointed out. A technological and schematic diagrams of the investigated system
functioning were developed.
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Introduction in the ACS the requirements to the systems quality of
Control systems play an important role in the data transmission operating are increased quickly [1].
automation and control by technological processes in The aim of this paper is to substantiate the
mineral resource industry. Currently the problem of necessity to use automated intellectual systems (AIS)
such systems development is very urgent because it is with the short-term nature of feedback in the drilling
impossible to improve the efficiency of control rigs to increase the service life of the expensive
without the automated control systems (ACS) based drilling tools in about two times, to improve the
on application of information technologies and drilling efficiency and to reduce the cost of the drilling
advanced mathematical control models [1-3]. process. The short-duration feedback is realized by the
However modern automated control systems sensors signal and it serves to maintain the parameters
by drilling rigs do not allow us to respond to the of the technical system operating.
changing object properties (of rocks), to adjust the The investigated AIS will allow us to trace in
operating modes and to compensate disturbances at proper time the properties changes of the object of
the operation of complex technical systems “Drilling influence in the process of the object of control
rig — rolling cutter bit - rock” (hereinafter called an (monitoring) functioning, to determine its forecasting
object of control), that reduces its efficiency. resource, to make adjustments to the operating
Moreover, in modern control information systems parameters in a constant mode and to ensure
there is no opportunities to make decisions about successful solution of the problems with a priori
parameters changing at changing object properties, as incompleteness and fussiness of the initial data, as
well as knowledge databases in the form of a special well as the characteristics variability and inaccuracy
mathematical models reflecting the progress processes of the investigated object of influence.
in the system of informational processes that cannot
take into account all the diversity and complexity of Control by structural dynamics of the complex
problems occurring while the ASU operation. technical system
Providing with the specified requirements for The perspective direction of the artificial
timeliness and accuracy of the information intellect development was based on the works on the
transferring considered to be the fundamental fundamentals of control theory by structural dynamics
condition for the quality of control improving by the of the complex technical systems [4-8]. This direction
object and process. offers to use complexes with different models,
The investigation urgency in the field of combined methods and algorithms, as well as the
intellectual ACS is that in the conditions of increasing development of intellectual technology of automatic
requirements to the features of information exchange monitoring design and control of complex technical

objects in various conditions of the situation changing.
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The monitoring and control process analyzes
the transition of the system structure from one state to
another under the influence of various reasons
(environment influences, conflicting systems, etc.).

The authors defined the place of control
theory by structural dynamics of complex technical
systems as the integration of artificial intelligence
with systems analysis, operations research, control
theory and systems theory, i.e. it requires
interdisciplinary studies [4]. The problem concept of
control by structural dynamics of complex technical
objects is reduced to the solution of the following
main problems:

- analysis of the structural dynamics of the
complex technical system;

- evaluation of the system structural state;

- selection of optimal control programs and
regulation by the structural dynamics of the system.

The main role in this control belongs to the
integral systems of decision making [4, 9-10].

The structure interacted with the environment
and in the process of necessary information receiving
it forms the target of action and analyzing the impacts
on the system (physical and information) is usually
applied for the generalized intellectual systems. The
defining elements of the control system in this case
are the intellectual converter and basic system of
control [11].

In case of use in the control system of
artificial intelligence as the intellectual converter [11]
the expert systems [12-14], situational control [15],
control by the structural dynamics of complex
technological [4, 16-17] and other intelligent systems
and their elements are implemented.

The wuse of dynamic expert systems
containing two blocks: synthesis and target
implementation [11] is represented as an example of
the smart converter use in the system of control (Fig.
1).

Mathematical model of the intellectual
control system contains three parts:

- intellectual converter;

- object of control;

- controllable unit of
(computational and converting units).

The intellectual converter changes the
information about the external environment and the
object of control and it transforms the impact signals
on the controllable unit of the system [11]. To
generate impacts on the object of control system the
decision making block is use in this converter [9-10].

The modeling of dynamic processes of the
drilling rig functioning is realized with the purpose of
parameters of the drilling process optimization [18].
However, as criteria to be optimized, it is proposed to
choose the speed of drilling, deepening and bits

the system
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reliability, power of feeding and rotation mechanisms,
the drilling cost of one meter of borehole cavity and so
on. The permanent control for the amplitude and
frequency parameters of dynamic loads is necessary.

In the mining industry in conditions of
uncertainty and incomplete information about the
properties of the object of influence at modeling
processes it is necessary to use the average data
included the drill ability indicator and its change,
number and size of areas with changing properties of
this object [19-20].
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Fig. 1. Structural scheme of the system of the
intellectual control with the dynamic expert system

Block of

Analogues of the investigated AIS

The analogues of the automated intellectual
system is “On-board control system of drilling rigs
(OCSD)” (in Russian market), “Intellectual control
system of drilling “Smart Drill Monitor” (“ICSD
SDM”) machine MD5150 of the company
“Caterpillar”’, “Automated control system of drilling
rigs” (“ACSD”) (in the world market) and others
(table 1).

Table 1. Advantages over the analogous of the
investigated AIS

Names of the

Names of (ke AIS analogues mveckipmied A1l

Technical and Federal level World level

characteristics

“ICSD SDM™
'machine MD5150 of
the company
“Caterpillar”

AIS with the short-
duration naturc of
feedback

“OCsD” “CCsD”

Possibilitiesto the system
reaction for short-duration
changes of physical and
‘mechanical rock
charasteristics

Time reaction for the ~0,Isecs
steady (systematic) change time of transferring
of physical and mechanical processes—more
rock ct st then 0,1 sec.

Adaptive system

reaction without

No reaction No reaction No reaction

‘human
participation

=0, secs
time of transferring
processes—more
than 0,1 sec.

More than 20 sec. 0,01 sec.

The investigated AIS is able to react quickly
(hundredths of a second) for the short-duration
properties changing of the object of influence unlike
its analogous. The advantage of the short duration
nature of the feedback of the investigated AIS is that
the response time of the system to the steady
(systematic) changing the of the object of influence
properties without human participation is 0.01 sec.
The AIS analogues in the world market presented in
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Table 1 has the actuation time of the automatic system
of about 0,1 sec., and the duration of the transferring
processes of the operating units is more than 0.1 sec.
In “On-board control system of drilling rigs (OCSD)”
(a federal level) the response time of the operator to
the significant and prolong changes is more than 20
sec., that reduces significantly the control process
effectiveness.

Control system by AIS

The investigated AIS uses nonlinear feedback
(a closed-loop control system), as it is necessary to use
in the system complex nonlinear equations that
transform an information signal in the computer. Since
the mentioned AIS has several local feedbacks, it will
be a multi-circuit one.

For the influence control formation in a
closed-loop control system, the deviation of the
current value of the controlled number of the required
value is used.

To improve the accuracy control in the
investigated AIS a combination of a control system
built on the basis of combination of the control
principles by disturbance and deviation is used. To use
this type of control, it is necessary to have the
opportunities to measure the main disturbance. The
deviation will be discovered by the system and
abandoned by a control unit
Operating of AIS with the short-duration nature of
feedback

The general technological scheme of the
developed AIS (an intellectual system of monitoring
and control) of the drilling rig is as follows (Figure 2):
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Fig. 2. Technological scheme of AIS with the short-
duration nature of feedback:
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a) a drilling rig; b) an adaptive rotational and
feeding mechanism; c) drilling tools; d) a PC

In Figure 2 a) — a drilling rig, the main
element of this technical system is given; b) — an
auxiliary mechanism that can smooth unanticipated
shock and vibration; ¢) — an element of the direct
contact with the object of influence; d) — a complex of
technical tools intended for automatic information
processing.

Schematic diagram of the developed AIS
operating is presented in Figure 3:
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Fig. 3. Schematic diagram of the developed AIS
operating with short-duration nature of feedback

This system is operated according to the
following algorithm. The external environment (the
rock massif: properties of the drilling breed and their
unexpected changes) affects the process of the object
operation (drilling tools) [21]. The given system
requires the adaptive rotation-feeding mechanism of
the drilling rig [22], a block of sensors, a PC and
controllers. The object is also impacted by the
disturbance independent on the control system: shock
(reason for the operation mode changing of the
drilling rig), noise (vibration, dust levels, temperature,
instrument errors, failure in the control system). This
mechanism allows us to smooth these unexpected
disturbances.

A vibrodiagnostics system helps to predict
the failure time of the main elements of the drilling rig
is [18]; it allows us to analyze all the data and build
time trends vibrations you can judge about changes of
the technical condition of the equipment with.

To analyze the input information about the
change of physical and mechanical characteristics of
rock massif, sensors (drivers) send into the computer
the information signals about changes of drilling and
current speed in the stator of the adaptive mechanism
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(master control). In computer these information
signals are converted in control ones (the information
about the actual characteristics of rock andcontrolled
access) using the block of controllers (regulators,
control units) intended to smooth short-duration
deviations, the implementation of the control process
and software block, which contains the developed
calculation methods (control algorithm realization).
Then the control signals are routed to the operation
unit [23] implementing the decision making and the
changes promoting in the relevant controlled access
(automatic control). According to these methods
projected resource of the drilling tool and unit costs of
drilling, corresponding with the real values of
controlled access and breed characteristics are
determined. According to this information the optimal
drilling speed and controlled access (output
information) are determined. To improve the
qualitative characteristics of the system we compare
the real values with the optimal ones and they are
automatically updated using the correcting units.

The rapid information transferring (a
hundredth of a second) about the current operation
modes of the control object from the object of control
to the controllable part is implemented by the
feedback. After adjusting actions an adaptive rotation-
feeding mechanism works in the newly defined modes
and it feeds and rotates the drilling tool with the
necessary force and speed. The drilling tools pass
through rock massif with the given speed until the
following changes of the rock characteristics. The
calculated values are displayed on the instrument
panel to control an operator.

Conclusions

Summing it up we make the emphasis on the
necessity of using the AIS with the short-duration
nature of the feedback in the drilling rigs for the quick
timely response of the system to properties changing
of object of influence and the subsequent adjustments
and parameters maintenance of operating the object of
control in the optimal ratio.

Further the implementation of this AIS will
allow us to reduce the operating costs for the drilling
process in conditions of uncertainty and as
consequence to increase the efficiency of technical
systems operation.

Educts

1. The requirements for operability
(timeliness) and the accuracy of information
transferring, being the fundamental condition for
improving the quality of control by the object and
process are defined.
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2. The problem concept of control by
structural dynamics of complex technical objects is
given.

3. The necessity of using the AIS with a
short-duration nature of the feedback in drilling rigs
and the advantages of the investigated AIS before its
analogues are revealed.

4. The necessity of using the nonlinear
feedback (a closed multi-circuit control system) and
the combined systems to improve the control accuracy
in the investigated AIS is specified.

5. The technological and the schematic
diagram of the investigated AIS operation are
developed.

6. The development of the AIS with a short-
duration nature of the feedback involves the
development of calculation methods, hardware,
systems of data collection and processing, software,
system modules, documentation development, system
of testing.

Acknowledgements
Article is prepared within a grant of the
President of the Russian Federation

# MK-2531.2014.8 and support of the Ministry of
science and education of the Russian Federation
“ High-produced calculations of complex algebraic
systems and their applications”.

The authors gratefully acknowledge the
guidance and insights provided by Dr. A.V. Gilev of
SFU, which greatly helped take their first step toward
studying the issues related to boring machines.

Corresponding Author:

Dr.Stupina Alena Aleksandrovna

Siberian Federal University

Vuzovsky Lane, 3, Krasnoyarsk, 660025, Russia

References

1. Sashhenko, N.N., 2006. Knowledge-based
adaptive transmitting system in a distributed
computer-aided  control  systems, thesis,
Engineering Physics Inst. of Russian Federation,
Vladimir.

2. James, J., F. Cellier, G. Pang, J. Gray and S. E.
Mattsson, 1995. The State of Computer-Aided
Control System Design (CACSD). In the
Proceedings of the Conference — IEEE Control
Systems, pp: 6-7.

3. Zaitsev, K.S., 2003. Using Group Technology to
Plan Data Processing in Computer-aided Control
System. Automatic and Remote Control, 64 (9):
1507-1512.

4. Ohtilev, M.Ju., B.V. Sokolov and R.M. Jusupov,
2006. Monitoring and management intelligent



Life Science Journal 2014;11(8s)

http://www.lifesciencesite.com

10.

11.

12.

13.

14.

technologies of structural dynamics of complex
technological objects. Moscow: Nauka, pp: 410.
Makarov, .M., V.M. Lohin, S.V. Man'ko and
M.P. Romanov, 2006. Machine intelligence and
control intelligence system. Moscow: Nauka, pp:
333.

Chu, D., R. Strand & R. Fjelland, 2003. Theories
of Complexity: Common Denominators of
Complex Systems. Complexity, 8(3): 19-30.
Vespignani, A., 2012 Modelling dynamical
processes in complex socio-technical systems.
Nature Physics, 8: 32-39.

Juarrero, A., 1999. Dynamics in action:
intentional behavior as a complex system.
Cambridge MIT Press, pp: 291.

Druzdzel, M.J., 1992. Probabilistic reasoning in
decision support systems: from computation to
common sense, PhD thesis, Carnegie Mellon
Univ., Pittsburgh, PA.

Guntzer, U., R. Muller, S. Muller and R.D.
Schimkat, 2007. Retrieval for decision support
resources by structured models. Decision
Support Systems, 43: 1117-1132.

Pupkov, K.A. and V.G. Kon'kov, 2003.
Intelligence system. Moscow: Moscow State
Technical University n. a. N. Je. Bauman
Publisher, pp: 348.

Chancelier, J.-P., C. Gomez, J.-P. Quadrat and
A. Sulem, 1989. An expert system for stochastic
control problems: automatic report generation.
Computer  Science in  Economics and
Management, 2 (1): 65-82.

Angeli, C., 2010. Advanced knowledge based
systems: Model, Applications & Research.
Diagnostic Expert Systems: From Expert’s
Knowledge to Real-Time Systems, Eds., Sajja
and Akerkar, pp: 50 — 73.

Popov, Je. V., 1987. Expert systems. The
solution of unformalized tasks in dialogue with
the computer. Moscow: Nauka, pp: 288.

5/20/2014

306

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pospelov, D.A., 1986. Situational management.
Theory and practice. Moscow: Nauka, pp: 288.
Boccaletti, S., V. Latora, Y. Moreno, M. Chavez
and D.-U. Hwang, 2006. Complex networks:
Structure and dynamics. Physics Reports, 424:
175 - 308.

Afanasiev, V.V., M.P. Danilaev, S.S. Loginov
and Y.E. Pol'skii, 2014. Variable multimode
models of complex dynamic systems. In the
Proceedings of the SPIE 9156, Optical
Technologies for Telecommunications 2013,
91560H; doi:10.1117/12.2054235.

Shigina, A.A., A.O. Shigin and A.A. Stupina,
2012. Comparative methods evaluation of
efficiency analysis of boring rigs functioning.
Modern problems of science and education, 44
(6). Date Views 24.12.2012 www.science-
education.ru/106-7924.

Stupina, A.A., A.A. Shigina and A.O. Shigin,
2013. Analysis of functioning efficiency of
multiple parameter system. Siberian State
Aerospace University n.a. academician M.F.
Reshetnev bulletin, 2 (48): 94-100.

Stupina, A.A., A.O. Shigin, A.A. Shigina, M.V.
Karaseva and L.N. Korpacheva, 2014. Control
and management by resource of rolling cutter
bits in drilling rock massif. Middle-East Journal
of Scientific Research, 1 (21): 84-90.

Shigina, A.A., A.O. Shigin and A.A. Stupina,
2013. System of Indicators for Estimating the
Efficiency of Boring Rigs. In the Proceedings of
the 1 International Scientific Conference —
Global Science and Innovation, Chicago, pp:
471-480.

Shigin, A.O., 2013. The adaptive rotary giving
mechanism of the drilling rig for decrease in not
predicted loadings when drilling the complex
structure of rock. Mining journal, 7: 79 - 83.
Meerov, M.V., JuN. Mihajlov and V.G
Fridman, 1972. Bases of automatic control.
Moscow: Nedra, pp: 752.



